• Testing of alternative use for cannabis extracts to control corrosion and fouling • The amount of fouling organisms becomes less in the presence of 1.0 to 3.0 ppm • Deterioration tendency of the varnish decrease with cannabis extract concentration • Rusting along the scribe mark for varnish disappeared in presence of 3.0 ppm • Cannabis extract offers good antifouling properties and good corrosion protection
natural additives for paint based on a vinyl chloride--vinyl acetate copolymer (VYHH) [2] [3] [4] . The results indicated that the addition of algae extract blocked unfilled spaces in the microstructure of the varnish, giving a more uniform distribution pattern. VYHH varnish containing 0.025 g/L lupine extract was found to provide the optimum corrosion protection efficiency. The addition of lupine extract also had a slight effect on the degree of surface coverage by fouling organisms.
Cannabis plant extracts were shown to be efficient corrosion inhibitors for copper and nickel in acidic aqueous solutions [5, 6] . The main goals of this work are to test and evaluate the anticorrosive and antifouling property of the cannabis plant as a natural additive for varnish-coated steel immersed in marine environments.
EXPERIMENTAL
Preparation of Cannabis extract 100 g of dry cannabis (the flowering tops) plants, which was obtained by permission from the public prosecutor, was minced into very small pieces. The minced plant was boiled in water for 5 min to extract chlorophyll and water-soluble compounds. The boiled minced plant was filtered, and the water was discarded. The process was repeated several times until the filtered water was transparent [7] . The residue of the filtrate was air-dried at room temperature, then refluxed with 100 mL of ethyl alcohol and filtered using a Whatman No. 1 filter paper. The alcohol was allowed to evaporate from the extract to obtain Cannabis residue [8] . A stock solution of cannabis extract was prepared by dissolving 1.7 g of the cannabis residue in 100 mL of benzene.
Varnish preparation
Varnish was prepared by dissolving 20 g vinyl chloride-vinyl acetate copolymer, VYHH (Dow Chemical Company) in analytical grade solvent-mixture consisting of 40 g methyl isobutyl ketone (MIBK), 20 g toluene, and 20 g benzene.
Preparation of varnish containing cannabis extract
A certain amount of the previously prepared stock solution of cannabis extract was diluted by benzene to obtain the required weight of cannabis extract solution. Then, 20 g of this solution was mixed with 40 g MIBK, 20 g toluene and 20 g VYHH.
Preparation of varnish-coated steel samples
Commercial steel panels analyzed by optical emission spectrophotometer (OES) were used. The composition of the steel samples are (wt.%): 0.21 C, 0.35 Si, 2.5 Mn, 0.04 P and 0.04 S, with the remaining percentage consisting of Fe. Steel panels of dimensions 5 cm×2 cm×0.2 cm were polished with a series of graded emery papers (320, 600, 800 and 1000), starting with the coarsest grit and proceeding step--wise to finer grades. Steel panels were degreased with m-xylene, sequentially washed with distilled water and ethanol, and finally, dried with filter paper. Different coatings were applied to steel panels by immersion in a 500 mL tank containing the required varnish. If present, excess varnish that collected at the panel edges was removed. The coated steel panels were hung perpendicular to the ground and allowed to dry at room temperature (25-30 °C) until a visibly dry surface was obtained (∼30 min). The process of dipping and drying was repeated for each sample (three to five times) to obtain a constant thickness of 120±5 µm while the varnish layer was monitored using a coating thickness gauge (Minitest 300FN, Elektrophysik, Erichsen Testing Equipment).
Electrochemical tests
EIS of varnish-coated steel panels was achieved by connecting an electrochemical cell to a Parstat 2263 transfer function analyzer (TFA) that was controlled by a computer for data logging and analysis. The frequency range for EIS measurements was 100 kHz to 0.01 Hz with an applied potential signal amplitude of 10 mV around the rest potential. Data were obtained from a three-electrode configuration: a platinum sheet, saturated calomel electrode (SCE), and varnish-coated steel panel were used as the counter, reference and working electrodes, respectively. All measurements were carried out using air saturated 0.5 M NaCl solutions without stirring.
Salt spray test
Cyclic corrosion tests correlate well to realistic, naturally occurring conditions and thus provide significantly improved predictive ability. The test was carried out using an Equilam cabinet (Equilam North America) for the cyclic salt spray that work under prohesion type testing as described by ASTM G85 A5. Varnish-coated steel specimens, containing different concentrations of cannabis extracts, were exposed to a two-phase programme using an Equilam cabinet for the cyclic salt spray. The sequence consisted of four hours of salt spray (SS) at 25 °C, followed by one hour of drying at 35 °C. This two-phase programme was repeated continuously for 1000 h. Photographs of coated samples were taken before and after exposure at different time intervals to document extended changes to the surfaces [9] .
Immersion test
The varnish-coated steel and cross-cut panels were immersed in 100 mL 0.5 M NaCl solution for 28 days. Photographs were taken before and after exposure to the test solution, which allowed qualitative comparisons between samples. The concentration of ferric ions released from cross-cut panels and into the test solution was measured spectrophotometrically using a Beckman DU640 UV/Vis spectrophotometer at wavelengths (λ) 580-600 nm.
Field test
Steel panels with dimension of 10 cm×10 cm× ×0.2 cm were coated with varnish containing different concentrations of Cannabis extract. The coated panels were hung in frames and immersed in Western Harbour seawater, Alexandria, Egypt, to test the anticorrosion and antifouling properties of these coatings. The surfaces were carefully inspected visually and photographically permitting qualitative comparisons of the coats. Figure 1 . Their relative concentrations vary, and plants have been described that mainly contain one of these cannabinoid types.
RESULTS AND DISCUSSION

EIS measurements
The impedance spectra of varnish-coated steel panels containing different concentrations of cannabis extract for different exposure times were analyzed by fitting to an equivalent circuit model, as shown in Figure 2 .
A detailed description of this model is described in the literature [4] . Computer fitting of the spectra allowed for evaluation of the different elements of the analogue circuit. An equivalent circuit includes the solution resistance element, R s , and the film constant phase element CPE f that is shorted by a resistive element, R f . Additional components include the double-layer constant phase element CPE dl and the charge transfer resistance element, R ct . To compensate for non-homogeneity in the system, the capacitances were implemented as constant phase elements (CPE), each defined by two values, a non-ideal capacitance Q and a constant n. Varnish-coated steel Typical computerized fit of the Nyquist impedance data for varnish-coated steel after 6 days of immersion in 0.5 M NaCl solution are shown in Figure  3 . As shown, fitting EIS data to the model corresponded well with the measured spectra.
Computer fits of the electrochemical impedance spectroscopy results of steel coated by varnish after different times of immersion in 0.5 M NaCl are provided in Table 1 . It is clear that the non-ideal film capacitance, Q f , increased with exposure time, which may be attributed to the uptake of water. A decrease in R f can be explained in terms of penetration of the coating by ionic species from the surrounding environment [4] , while the decrease in R ct indicated a continuing deterioration tendency of the varnish-coated steel. It is clear that the values for the modulus of impedance at minimum frequency, R min exhibit the same trend as that shown by R f and R ct . For this reason, the modulus of impedance at low frequency (R min ) was used as a measure of: 1) the system's tendency to retard the penetration of aqueous ionic species within the coat and 2) the deterioration tendency for coat with time. 
Varnish containing cannabis extract coated-steel
The variations of R min for steel panels coated with varnish containing different concentrations of Cannabis extract at 10 or 28 days of exposure in 0.5 M NaCl are shown in Figure 4 . It is clear that the deterioration of the varnish-coated steel panels decreased with increasing the cannabis extract concentration and increased with increasing the immersion time.
Salt spray test
The photographs of varnish-coated steel panels containing different cannabis extract concentrations after exposure to the salt spray test for 28 days are shown in Figure 5a . Visual inspection verified the effective corrosion protection for varnish coatings containing cannabis extract compared to the unmodified varnish. The degree of rusting underneath the coating was observed to decrease with an increase in extract concentration, and no film blisters were observed during the exposure period. This indicates that cannabis extract had a physical role in improving the barrier properties of the coating by separating the metallic substrate from the corrosive medium [9, 11] . This may be attributed to the adsorption molecules of the chemical constituents of cannabis extract ( Figure  1 ) that contains oxygen atoms and π-electrons at the steel/coat interface. The adsorption could take place via: i) dipole-type interaction between unshared electron pairs in the molecules of the extract with the metal and ii) the π-electrons bonds interaction with the metal [12] . Photographs of the cross-cut varnish-coated steel panels containing different cannabis extract concentrations after exposure to the salt spray test for 28 days are shown in Figure 5b . The figures show the existence of severe rusting along the scribe mark of the varnish-coated samples. An increase in the concentration of the cannabis extract led to a decrease in the degree of rust observed at the scribe mark boundaries; for panels coated with varnish containing 3.0 ppm of extract, the corrosion that extended along the scribe mark was almost non-existent. The minimized deterioration and rust can be related to the water-repellent quality and/or the chemical activity of cannabis extract. The chemical activity may be related to: i) a decrease in the rate of the anodic reaction by binding metal ions produced by corrosion reactions and consequently forming coordination compounds near the anode; ii) a decrease in the rate of both anodic and cathodic processes by adsorption of the molecules of the chemical constituents of the extract at the cathodic and anodic areas of the steel surface; iii) a reaction between the chemical constituents of the extract and the copolymer resin, giving rise to an enhanced mechanical integrity and a reduction in the degradation of the coating under corrosive conditions [3, 13] .
Immersion test
The immersion of cross-cut varnish-coated steel panels containing different cannabis extract concentrations in 0.5 M NaCl solution for 28 days turns the colour of the test solution into brown. This brown colour is the result of the dissolution of steel initiated at the scribe mark. The intensity of the brown colour, which is related to the concentration of ferric ions, was observed to decrease with increasing cannabis content.
The concentrations of ferric ions released from the cross-cut varnish-coated steel panels were determined spectrophotometrically, as shown in Figure 6 . It is evident that the level of absorbance decreased with cannabis content, which indicated that the extract enhanced the corrosion protection of the varnish. Since, the coat system could be seen as a simple three-part system consisting of the coat film, the interface between the film and the steel surface, and the steel itself. Therefore, the adsorption of the chemical constituents of the extract at the interface between the steel and the coat film provide a barrier that retards the attack of the steel by the aggressive ions in the seawater.
Field test Figure 7 shows photographs of the varnish--coated steel panels containing different Cannabis 
CONCLUSIONS
The results in this paper can be summarized as follows:
1. EIS measurements indicated that the deterioration tendency of the coat decreases with increasing the concentration of the cannabis extract.
2. The inspection of the photographs of the cross-cut samples indicated that the degree of rusting at the scribe mark decrease with increasing the concentration of the cannabis extract in coat.
3. The field test results indicated that the inclusion of the cannabis extract in the coat improved its protection against corrosion and antifouling properties. Zaštita od korozije i razgradnje lakom zaštićenih čeličnih panela koji sadrže različite akstrakte kanabisa proučavani su korišćenjem spektroskopije elektrohemijske impedancije (EIS), slanog naprskavanja i testa uranjanja u 0,5 M rastvoru natrijum-hlorida i morsku vodu. Analiza eksperimentalnih rezultata ukazuje na to da se prisustvom ekstrakta kanabisa smanjuje razgradnja (ljuštenje) lakom zaštićenih čeličnih panela izloženih agresivnom delovanju okoline. Uočeno je da ekstrakt kanabisa obezbeđuje dobru zaštitu od razgradnje.
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